The issues associated with Ireland's over reliance on fossil fuels to meet energy demands have sparked an interest in renewable energy. Renewable energy resources typically are intermittent and vary significantly in energy intensity. Tidal energy however has the advantage of predictability over large time scales and high power densities. A study of Ireland's tidal-current-energy resource has identified several viable sites. As part of this resource assessment, Acoustic Doppler Current Profilers were installed at two locations along Ireland's west coast, at a site in the Bulls Mouth and the Shannon Estuary. The Acoustic Doppler Current Profilers measured tidal current speed and direction at 30 minute intervals over a 30 day period at a range of depths through the water column. This is the first time the measured data appears in the literature as it has only recently been made public. This paper presents tidal current speed and direction, frequency of occurrence of speed, tidal roses at several depths through the water column, and a comparison of theoretical tidal-current-speed profiles with measured data for a site in the Bulls Mouth and in the Shannon Estuary. The paper compares power density at both sites over a lunar month and also proposes a best fit power law exponent with the measured data through the water column. Finally, the paper presents an energetic performance comparison for a tidal current turbine operating at both sites. The data presented in this paper can be used in the design process to estimate the hydrodynamic and structural performance of a tidal current turbine operating under real-life conditions. The data can also be used to assess different control strategies and to design a tidal current turbine to suit the site-specific characteristics.
Introduction
Ireland's over dependence on the combustion of fossil fuels to meet energy demands has led to several energy related issues. These issues include security of supply, climate change, and fluctuating costs. The effect of the outlined issues has forced political leaders to consider alternative energy sources, and in particular renewable energies [1] .
Most renewable energy sources are unpredictable in nature and vary significantly in intensity [2] .
Tidal energy has the advantage of predictability over large time scales and, as a result, is an excellent choice as a base-load energy supply [3] [4] [5] .
Recent research and development efforts in tidal energy extraction have been focused on tidalcurrent-turbine technology which utilises tidal currents; however, this technology is still at an early stage of development [6, 7] .
Sites where tidal-current-energy extraction is feasible are generally found along coastlines, inlets, channels and between headlands, as in these areas the tidal current speed is generally greater than tidal current speeds in the open ocean. When assessing the suitability of a site for tidal-current-energy extraction the tidal current speed is the main determinant [8] . The frequency of occurrence of speed is an excellent indicator as to the annual energy output which can be achieved.
A tidal-current-energy resource assessment was conducted for Ireland in 2004 [9] . The assessment Estuary. The data may also be used for arranging the site-specific layout of tidal current turbines.
Tidal energy in Ireland

Introduction
Ireland is situated on the east of the Atlantic ocean with a coastline approximately 7500 km long [11, 12] . Along this coastline are numerous inlets and islands between which there are channels which are ideal for tidal-current-energy extraction due to the high tidal current speeds. Strong tidal currents are common along the north and east coasts and are particularly energetic entering the Irish Sea from the St. Georges Channel and the North Channel [10] . Figure 1 illustrates the oceans around Ireland and the direction of the flood [13] [14] [15] . The bathymetry and hydrography of Ireland's coastline influences the local tidal currents. The kinetic flux density is an excellent indicator of the tidal current energy resource available at a site which is proportional to the fluid density and the cube of its speed [16] [17] [18] [19] . Therefore the speed is the most significant factor when deciding if a site is feasible for energy extraction [20] [21] [22] [23] . Most of the tidalcurrent-flow research along the coastline to-date was done for the purpose of mapping fish species and spawning areas, and for the benefit of shipping.
Relatively little work has been published in the interest of tidal-current-energy resource assessment.
Atlantic Ocean
St. Georges Channel
North Channel
Irish Sea In the resource assessment the theoretical tidalcurrent-energy resource was first identified. This is the gross tidal energy content of the tidal current flow within a strip encircling Ireland. The landward boundary of the strip was taken at the point where the water depth reaches 10 m and the seaward boundary was taken at the 12 nautical mile territorial limit from the coast. Within this strip the numerically-predicted peak spring-tide surface speeds were depth-averaged using a 1/7 th power law to calculate the mid-depth tidal-current speeds.
The mean tidal-current power, , per unit area was then calculated using [25] ( )
where is the density of seawater, is the speed availability factor (0.424), is the neap/spring factor (0.57) and is the peak spring-tide middepth speed.
In order to calculate the theoretical extractable tidal-current energy, a turbine power coefficient, Shannon Estuary are shown in Figure 2 . Table 1 gives information on the two ADCPs' location and tidal constituents [28] . As a result, the power generated by a tidal current turbine will vary significantly between spring tide and neap tide and on a daily basis between the peak tidal flow and slack water. Power averaging is often used to remove the daily tidal current speed variation. The power averaging approach given in [17] can be used to find the maximum average power that can be extracted for a tidal channel which is driven by multiple tidal constituents. 
Tidal-current-speed profiles
Numerical simulations of the tidal current are often conducted to get a better understanding of the typical speeds which may occur at a particular site.
These numerical simulations typically calculate the surface speed. The theoretical tidal-energy resource is then calculated using a power law or log law approximation to calculate the speed at the depth of interest in the water column. However, other approximations, given in [29] , can be used to calculate the tidal current speed profile. The power law represents a rudimentary model for the variation in tidal current speed through the water column and is given as:
where ( ) is the tidal current speed, is the height above the seabed, is the reference tidal current speed, is the reference height above the seabed and is the power law exponent. The exponent can vary significantly from site-to-site. The main parameters which affect are the tidal current speed and the seabed roughness, and several empirical methods can be used to calculate . A value of 1/7 is a typical value for the power law exponent; however, this may not be a best fit for all sites. The speed profile can also be calculated using the log law:
where the terms are as before and represents the seabed roughness. Table 2 gives values for seabed roughness for various seabed conditions. and the two sites. This analysis assumed that the tidal current turbine at each site had a fixed pitch and variable yaw design arrangement. Also, the rated speed and rated power of the tidal current turbine was varied to obtain the maximum annual energy output for each site [31, 32] . The analysis showed that, using the measured data and the SERG tidal current turbine technical specification, the annual energy output calculated from the site in the Shannon Estuary and the Bulls Mouth was 137.39 MWh and 2.16 MWh respectively. In order to gain a better understanding of the performance of a tidal current turbine operating at each site, the capacity factor for each site was calculated. The capacity factor is an excellent way to evaluate the energy performance of a tidal current turbine at a site. The capacity factor, CF, is the ratio of the actual energy outputted by a tidal current turbine over a given period of time, typically one year, and the energy outputted by the tidal current turbine if it was to operate at its rated capacity for the same duration of time. The capacity factor is calculated using: (5) where E is the energy outputted by the turbine over a given period of time, T, and P r is the rated power of the turbine [33, 34] . The values of annual energy output yielded a capacity factor of 0. 12 
Seabed Description
Conclusions
ADCPs were installed at two potential tidal-energy 
